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The knowledge and understanding of the Interactions between an "obstacle" 
and a space plasma are fundamental to space plasma physics and are essential 
to space plasma diagnostics, In-situ data Interpretation, and spacecraft 
charging. The obstacle can be a natural body moving In the solar system (i.e., 
a. planet or a moon.) or an artificial obstacle (I.e., a spacecraft orbiting the 

Earth or any other planet or moon). Artificial obstacles, consist of rockets, 

satellites, space shuttle, space station, etc. 

The effects Involved In the Interaction between an obstacle and a Space 
plasma can be divided Into 

(1) Effects on the obstacle Itself (I.e., Its charging) 

(2) Effects on the environmental pTasma due to the motion of the obstacle 
(1-e., the creation of shocks ahead of tbe obstacle and complicated 
wakes behind the obstacle). In the wake (or antisolar direction), 
plasma oscillations are exclted-and Instabilities, wave-particle 
Interactions, turbulence ,_etc. , are believed to take place. 

The effects on the obstacle and on the environmental space plasma are coupled. 
Hence, simultaneous solutions to the Vlasov (or Boltzmann) and Poisson equa- 
tions are sought. To obtain realistic solutions of practical use, three- 
dimensional and time-dependent models of the Interaction are needed. 

Achieving the latter Is Indeed not simple- 

The point should be made that experimental and theoretical work of 
practical interest (e.g.. In low Earth orbit) can serve as model -experiments 
of a wider scope of Interest and Importance In space plasma physics and In 
astrophysics (e.g., Falthammar (1974), Samir and Stone (1980), and Podgorny 
and AndrIJanov (1978)). This will, of course, require the use of qualitative 
scaling (Falthammar ( 1974) and Samir and Stone (1980)). 


EXPERIMENTAL AND THEORETICAL THERMAL PLASMA RESULTS - STATUS REPORT 

In-situ experimental results regarding the distribution of low-energy Ions 
and electrons around Ionospheric satellites In the altitude range 250<H<3000 km 
are available In the open literature. For recent brief review papers on this 
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subject we cite Samir (1981) and Samir and Stone (1980). Unfortunately, most 
of these results are limited to the very near vicinity, of the satellite since 
mast of the relevant measurements were made by probes flush mounted on the sur- 
face of the satellite. Although significant results were obtained which 
enhanced our knowledge and understanding of the Interaction, more extensive- 
spatial regions ahead and-behlnd the satellite have- to be -researched. 

Ln^sttu results were compared, with the theoretical-models, of Gurevich et - 

al . (1970), Parker (1976), and Call (1969.). Results of such comparisons are 
glven-ln Samir and Fonthelm (1981), Samir U981), and Samir and Stone (1980). 

It Is our understanding that studies along similar lines are now being per- 
formed by the S-CUBED group (Parks et al. (1983)). The main conclusion from 
these studies Is that except for specific cases there Is no quantitative 
agreement between theory and_exper1ment for unmanned, low-altitude, small 
Ionospheric satellites. The recent results from the space shuttle mission 
STS-3/Columbia known to the author have not, unfortunately, yielded thermal 
plasma information which can be used In a meaningful theory-experiment com- 
parison. It Is possible that the wave data (Shawhan and Murphy (1983)) may 
yield new relevant Information. 

More recently the distribution of H + and He* Ions around the DE-A 
magnetospherlc satellite at H w (1, 4-3)R E (R E = radius of the Earth) have 
been examined (Samir, Comfort, and Chappell (1983)). This study extends the 
range of plasma parameters vis-a-vis earlier studies and Is expected to be 
useful In magnetospherlc physics and astrophysics. The wake of an-auroral 
sounding rocket In. the altitude range 120 to 320 km was studied by Bering 
(1983). The comments- made In this paper should be of interest and direct 
relevance to the Interpretation of. parallel electric field measurements at low 
altitudes. 

Effects Involved In the charging aspect of the Interaction were studied 
extensively In situ and In the laboratory. A large effort was also devoted to 
theoretical modeling. Recent review papers regarding this aspect of the 
Interaction were published by Whipple (1981) and Garrett (1981) and will not 
be further discussed here. One point should, however, be made, namely, that 
In order to get realistic solutions for <t> from zl * 0, the distribu- 
tion of charge around a spacecraft has to be reliably known. Th 4 s Includes 
time-dependent effects, wave-particle Interactions, Instabilities, and 
turbulence. 

To overcome the limitation mentioned above, where measurements are 
restricted to the very near vicinity of the spacecraft, multibody systems or 
multiprobe systems-are needed. Mother-daughter concepts as well as shuttle- 
tether systems are applicable (Samir and Stone (1980) and Williamson et al. 
(1982)). The first time a multibody system was used to perform wake measure- 
ments was In the Gemlnl-Agena 10 mission (Troy et al. (1970)). The recent 
measurements of the thermal plasma environment of the STS-3/Columbla shuttle 
mission (Raltt et al. (1983)) yielded Initial results some of which are In 
general accord with measurements and predictions obtained earlier from 
unmanned Ionospheric satellites. Raltt et al. (1983) concludes that "thermal 
plasma probes mounted on the space shuttle orblter are not a very good 
arrangement to obtain measurements of the ambient Ionospheric thermal plasma." 
This conclusion Is not surprising and Indicates that, In order to study the 
Interaction of a spacecraft with Its environment, multibody systems are needed. 
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m addition to lo-sttu data, there are laboratory measurements, which are 

Si” 

EXPANSION OF A PLASMA INTO A VACUUM 

Tn a recent review paper (Samir et al. (1983)) the Interaction between an 
obstacle and a rarefied space plasma was examined versus the phenomena and 
ohvslcal SJocts^s involved In the expansion of a plasma Into a vacuum. This 
Ts l III approach based on theoretical and experimental work done In J™\ on t 

propagation^ 1 rarefaction wave Into the unperturhed or a^lent plaseia and- 
«e UUni'pUs^bJ tU transfer of energ, fro., the Infinite reservoir of 

fields In the vacuum region are given In Gurevich and P'taevs n )» 
GurevUh and Meshcherkln (1981b)), and Stngh and Schunk (1982, 1983). 

The point to be made Is that the wake behind an obstacle* can rilloator 

nlasM-exoanslon (Sa«1r e t , 1. (°963)) may exist In the Venoslan wake. 


REMARKS AND CONCLUSIONS 

e-rtri^-SS'iS^t-Sf SSSJSStirSKSSS 

and potential around a spacecraft orblttng the Earth. 

m Reliable phenomenological knowledge and In-depth physical undejs:‘nl- 
in, of the llrJctSre o? ?hS clSse and far regions surrounding a spacecraft arc 

needed In order to test models describing the entire Interaction. 

To achieve the above objective, well-conceived In- situ and laboratory 
experiments are needed. Such experiments cannot be byproducts of geophysical 
measurements only. 
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. <}> 4 Fu J ure Ij-situ measurements can best be performed by using multlbodv 
^* r<> be systems . The space shutt-le with Its capability of ejecting and 
capturing small satell-ltes- is a suitable space platform for such Investigations 
Another facility. adequate for performing relevant experiments Is- the shuttle- 

and h tIrhi!Jirt!Ir/. a i Umer0U f C0 " ,blnat4 ° nS by which very meaningful scientific 
and techno leg leal experiments can be performed by using the space shuttle (or 

any other large space platform) and ejectable multiprobe systems. 

.... wii.X ? <,0 ?^ ng a w1 ? er sc4ent1f1c viewpoint and considering the phenom 
ena Involved In the expansion of a plasma Into a vacuum, an attempt can be 

percept ' oruof the ’" teract ’°" « 
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